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WEED SEED DORMANCY AND GERMINATION 
Micheal D.K. Owen 
Professor and Weed Science Extension 
Iowa State University 
Introduction 
Weeds are consistent problems in agriculture because of seed dormancy. Without 
dormancy, weed seeds would not survive in the soil for any period of time. Also critical are the 
factors that influence dormancy. These factors which describe seed dormancy also serve to 
"determine" when the seed has the greatest potential to germinate successfully, and thus survive to 
replace the seed bank. Understanding the concepts of seed dormancy and factors that influence 
the continuation or termination of dormancy thus allowing germination are critical for the 
development of an effective weed-management program. 
Dormancy 
Seed dormancy has been described in a number of ways using many different, often 
synonymous terms. Dormancy has also been categorized into to specific types of dormancy, 
presumably based on different physical and environment (physiological) conditions that cause the 
different categories of dormancy. Dormancy has been classically described as the failure for seeds 
to germinate when environmental conditions are favorable to potentially support development. 
This failure to germinate is "blocked" by some condition or factor within the seed which, in itself, 
is not a requirement for germination. Thus, a dormant seed is one that can be prompted to 
germinate by removing or overcoming a particular condition(s) or factor(s). 
It is important to differentiate dormancy from quiescence; a quiescent seed is one that 
demonstrates the arrest or retardation of metabolism and growth due to an environment that 
does not favor growth. For example, a seed that is dry may not be dormant but rather 
quiescent. Imbibition of water may allow the quiescent seed to germinate, but a dormant seed 
would not necessarily grow. 
Dormancy has been categorized in several manners. Harper described dormancy in three 
categories; seeds can demonstrate innate dormancy, enforced dormancy and induced dormancy. 
Baker describes newly buried seeds as demonstrating primary (inherent) dormancy but may 
demonstrate secondary (imposed) dormancy with storage. The terminology used to describe 
dormancy is included in Table 1. Baskin and Baskin have a slightly different definition of seed 
dormancy. They suggest that a dormant seed is one that will not germinate under any set of 
normal environmental conditions. Further, they categorize seed dormancy into five general types 
(Table 2). These categories are distinguished on the basis of (1) permeability of the seed coat to 
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water, (2) development of the embryo and (3) whether the embryo is physiologically dormant or 
nondormant. Seeds with physiological dormancy will move into conditional dormancy during 
afterripening until they become nondormant. During the transition from dormancy to 
nondormancy, seeds gain the ability to germinate over a continuum of environmental conditions, 
from a very narrow range to a broader range of conditions when seeds become nondormant. 
Physical dormancy, as defined by Baskin and Baskin, is failure to germinate due to lack of 
water imbibition. The seed coat must be altered thus allowing the permeation of water into the 
embryo. Once imbibed, these seeds will germinate over a broad range of environmental 
conditions. It has been reported that seed-coat permeability is a reversible characteristic. 
Bewley and Black describe two mechanisms of dormancy. Embryo dormancy is suggested 
to be where the control of dormancy resides within the embryo while coat-imposed dormancy is 
maintained in the structures enclosing the embryo. Depending on the plant species, either or 
both mechanisms may exist. 
Embryo dormancy is recognized as the failure for a mature embryo to germinate even when 
extracted from the seed coat and placed in conditions favoring germination. This type of 
dormancy involves the cotyledons and germination inhibitors. The cotyledons exhibit an 
inhibitory influence on the axis of the embryo. Removal of the cotyledons will allow the normal 
germination and development of the embryo. However, the physiological and biochemical basis 
for cotyledonary inhibition of germination is unknown. Germination inhibitors present in the 
embryo also have been identified. These inhibitors include abscisic acid (ABA) and others that to 
date have not been characterized. The effect of these inhibitors has been identified by placing the 
embryo on a wet substrate and leaching the inhibitor out of the tissue; germination proceeds 
normally after the leaching treatment. 
Coat-imposed dormancy is important in a majority of plant species that demonstrate 
dormancy, however the specific coat structure that imposes dormancy varies depending on the 
plant species. Coat-imposed dormancy may reside in the glumes, palea and lemmae, pericarp, 
testa, perisperm, and endosperm of the seed coat. To terminate dormancy, removal of the coat 
may not be necessary. Various physical and chemical treatments on the coat may be sufficient to 
alter the coat-induced dormancy thus allowing embryo germination. These treatments include 
coat perforation, abrasion (scarification) and exposure to acids. In the soil, coat-induced 
dormancy may be terminated by various chemical processes, fungi and abrasion. The structures 
covering the embryo may induce dormancy by interfering with water uptake, interfering with 
gaseous exchange or acting as a physical barrier thus preventing the escape of inhibitors present 
in the embryo. Further, the structures may modify the light reaching the embryo or contain 
chemical inhibitors thus causing dormancy. Last, the structures may physically restrain the 
development of the embryo. 
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Biological Significance of Dormancy 
The biological significance of seed dormancy is to optimize the distribution of germination 
in time and space. The optimization in time is achieved by spreading the germination of seeds 
over an extended period of time as expressed both within a specific growing season but also over 
several growing seasons. Thus, the distribution of seed germination in time improves the 
probabilities of seeds successfully completing a lifecycle. Often, germination is induced by 
physical factors such as light and temperature; the interaction of these factors can regulate 
germination to fit seasonal changes in the environment. Dormancy allows seeds to germinate 
when conditions are least hazardous to their successful establishment. 
Dormancy can also act to secure a suitable place for germination. If seed dormancy is a 
function of light, deep burial will enforce dormancy. Small seeds that have minimal food reserves 
that support growth for a short period of time must emerge quickly and establish photosynthesis 
in order to survive. Dormancy in space will insure the proper placement of the seed thus 
optimizing the likelihood of successful seedling development. Spatial dormancy can also a factor 
with regards to light quality. Dormancy may be enforced under conditions of poor light quality. 
The light quality under a heavy plant canopy would poor and thus dormancy does not allow seed 
germination in an environment where growth conditions would not be favorable. 
Germination 
Salisbury has described four patterns of germination with respect to temporal distribution: 
(a) Quasi-simultaneous, when the germination of all nondormant seeds occurs during a relatively 
brief period of time; (b) Continuous, where the seed population germinates over an extended 
period of time; (c) Intermittent, irregular germination over a long period and demonstrating a 
multimodal pattern; (d) Periodic germination, a multimodal distribution but with more regular 
periodicity. 
Factors that induce germination include temperature, moisture, light, oxygen and others. 
Physical factors have also been described as important for the germination of seeds. These 
factors include soil/seed contact, depth of placement, size of soil aggregate in which the seed 
exists, and others. It is important to recognize that the environmental and physical factors 
interact and influence germination. 
The germination pattern that weeds demonstrate is critically important with regards to the 
effectiveness of management strategies. Weeds that germinate quasi-simultaneously are more 
effectively controlled than weeds that germinate in a continuous pattern. Few weeds that are 
important agronomically demonstrate a quasi-simultaneous germination pattern. However, 
research on periodicity of weed germination reported by Stoller and Wax indicated that the 
germination pattern is highly dependent upon environmental conditions. For example, yellow 
foxtail (Setaria lutescens) exhibited a continuous germination pattern one year and a quasi-
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simultaneous pattern the next growing season. Velvetleaf (Abutifon theophrastJ) and giant 
ragweed (Ambrosia trifida) had one main germination flush with a lower level of germination for 
several months following. Woolly cupgrass (Eriochfoa viffosa) may have up to seven germination 
events scattered from April to July and thus demonstrates a continuous germination pattern. 
While rainfall events significantly influence germination flushes, seed placement, interacting 
with other environmental factors, also impacts germination pattern. Data presented by Stoller 
and Wax indicated that germination later in the growing season occurred primarily with seeds 
that were buried deeper in the soil. Oyarzabal and Owen observed this trend with shattercane 
(Sorghum bicolor). This trend is likely attributable to soil moisture patterns and soil 
temperatures. Later in the growing seasons, soil temperature and moisture conditions at the soil 
surface will not likely be favorable for seed germination. 
Primary tillage system also impacts the germination pattern by affecting soil temperature 
and moisture. Fields with conventional tillage systems will generally demonstrate earlier weed 
germination than no tillage systems due to warmer soil conditions. As the soil surface drys in 
conventional tillage systems, seed germination occurs at greater depths. However at the same 
time in no tillage systems, the depth of seed germination is significantly shallower than in 
conventional tillage systems. 
Conclusions 
Dormancy in weed seeds is the key factor that allows weed problems remain consistent for 
a number of years. Dormancy has been described in a number of ways and is characterized by 
physical and environmental conditions. Weed seed dormancy improves the probabilities that 
seeds will germinate in a favorable environment. Similarly, seed germination is influenced by a 
number of factors. Germination patterns have been described for a number of weeds species. 
Together, weed seed dormancy and germination significantly impact crop production. Crop 
production practices influence dormancy and affect weed seed germination patterns. An 
understanding of weed seed dormancy and germination will allow growers to develop more 
efficient and effective weed management strategies. 
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Table 1. Dormancy Terminology* 
Example Terminology 
of Dormancy 
Crocker Crocker Harper Barton Koller Mayer and Villiers Bewley 
and and et al. Poljakoff- and 
Barton Roberts Mayber Black 
1. A seed which, Primary Dormancy Innate Dormancy Primary Dormancy Dormancy Dormancy 
the time of dormancy dormancy dormancy or 
dispersal is primary 
dormant in dormancy 
"normal" 
temperatures but 
germinates after 
prechilling. 
2. A seed which Primary Dormancy Enforced Dormancy Primary Dormancy Dormancy Dormancy 
in darkness is dormancy dormancy dormancy or 
0'> dormant at relative ,_. 
temperatures dormancy 
above a certain value. 
At higher temperatures 
and exposure to light 
causes germination. 
3. A seed which Secondary Secondary Induced Secondary Secondary Secondary Secondary Secondary 
germinates in dormancy dormancy dormancy or or dormancy dormancy dormancy 
darkness but is induced induced 
inhibited by light. dormancy dormancy 
After photoinhibition, 
transfer to darkness 
does not allow germination. 
This dormancy is 
terminated by moving the 
seed to a lower 
temperature. 
*Adapted from Physiology and Biochemistry of Seeds, J.D. Bewley and M. Black 
0\ 
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Table 2. Types, causes and characteristics of seed dormancy* 
Type 
Physiological 
Physical 
Combinational 
Morphological 
Morphophysiological 
Causes(s) of dormancy Characteristics of embryo 
Physiological inhibiting mechanism 
of germination in the embryo 
Seed coat impermeable to water 
Impermeable seed coat; physio-
logical inhibiting mechanism of 
germination in the embryo 
Underdeveloped embryo 
Underdeveloped embryo; physio-
logical inhibiting mechanism of 
germination in the embryo 
Fully developed; dormant 
Fully developed; 
nondormant 
Fully developed; dormant 
Underdeveloped; 
nondormant 
Underdeveloped; dormant 
*Adapted from Ecology of Soil Seed Banks, M.A. Leek, V.T. Parker and R.L. Simpson 
